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a b s t r a c t 

Objectives: Effective and widely available therapies are still needed for outpatients with COVID-19. 

We aimed to evaluate the efficacy and safety of lopinavir/ritonavir (LPV/r) for early treatment of non- 

hospitalized individuals diagnosed with COVID-19. 

Methods: This randomized, placebo (Plb)-controlled, double-blind, multi-site decentralized clinical trial 

enrolled non-hospitalized adults with confirmed SARS-CoV-2 infection and six or fewer days of acute 

respiratory infection symptoms who were randomized to either twice-daily oral LPV/r (400 mg/100 mg) 

or Plb for 14 days. Daily surveys on study days 1 through 16 and again on study day 28 evaluated symp- 

toms, daily activities, and hospitalization status. The primary outcome was longitudinal change in an or- 

dinal scale based on a combination of symptoms, activity, and hospitalization status through day 15 and 

was analyzed by use of a Bayesian longitudinal proportional odds logistic regression model for estimating 

the probability of a superior recovery for LPV/r over Plb (odds ratio > 1). 

Results: Between June 2020 and December 2021, 448 participants were randomized to receive either 

LPV/r (n = 216) or Plb (n = 221). The mean symptom duration before randomization was 4.3 days (SD 

1.3). There were no differences between treatment groups through the first 15 days for the ordinal pri- 

mary outcome (odds ratio 0.96; 95% credible interval: 0.66 to 1.41). There were 3.2% (n = 7) of LPV/r and 

2.7% (n = 6) of Plb participants hospitalized by day 28. Serious adverse events did not differ between 

groups. 

Conclusion: LPV/r did not significantly improve symptom resolution or reduce hospitalization in non- 

hospitalized participants with COVID-19. 

Trial registration: ClinicalTrials.gov Identifier: NCT04372628 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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COVID-19 remains a significant public health problem. There 

as been success in developing outpatient therapeutics such as 

eutralizing monoclonal antibodies, oral antivirals, and intermit- 

ent intravenous remdesivir infusions [1–7] . However, these treat- 

ents are costly, susceptible to resistance from new SARS-CoV- 

 variants, and may not improve symptom resolution [8–11] . 

ith increasing vaccination and less severe variants, hospitaliza- 

ion rates have declined [12–14] , and the focus of initial treat- 

ent is now shifting toward acute symptom and functional recov- 

ry [ 15 , 16 ]. 

Lopinavir/ritonavir (LPV/r; Kaletra) is an HIV antiretroviral drug 

roposed for the treatment of COVID-19 based on promising in 

itro data [17–21] . Its putative mechanism of action is through 3- 

L protease inhibition [22–24] , which is the same target as nirma- 

relvir/ritonavir (Paxlovid), considered the first-line treatment for 

ligible symptomatic outpatients with COVID-19 [25] . Whereas nir- 

atrelvir/ritonavir is expensive and not globally available, LPV/r is 

elatively inexpensive, generic, widely available, and has a known 

afety profile. Previous trials for LPV/r in both inpatient [26–

8] and outpatient [29] settings did not identify a meaningful 

enefit in treating COVID-19. However, treatment in previous tri- 

ls was late in the course of the disease and potentially outside 

he therapeutic window. For example, in the outpatient TOGETHER 

rial, 84% of participants had experienced more than 5 days of 

ymptoms before receiving treatment [29] . 

The Trial of Early Antiviral Therapies during Non-hospitalized 

utpatient Window (TREAT NOW) was an adaptive platform trial 

o evaluate potential antiviral therapies for the treatment of 

OVID-19 among non-hospitalized individuals using a decentral- 

zed approach with a combination of local and remote recruitment, 

 single drug distribution center, and remote follow-up. We hy- 

othesized that early administration of LPV/r would reduce dis- 

ase progression and improve clinical outcomes among outpatient 

dults. Here we report the results of the TREAT NOW trial compar- 

ng LPV/r vs placebo (Plb). 

ethods 

tudy design 

The TREAT NOW platform protocol was a decentralized adap- 

ive, blinded, multi-center, Plb-controlled randomized clinical trial 

o assess the efficacy and safety of different antiviral therapies 

n the outpatient treatment of COVID-19. The study initially in- 

luded three arms: LPV/r, hydroxychloroquine, and Plb. As reported 

n the published protocol and statistical plan [30] , the hydroxy- 

hloroquine arm was dropped early due to external evidence of 

 lack of efficacy. The protocol was approved by a single insti- 

utional review board at Vanderbilt University with reliance on 

ocal enrolling sites. Electronic, no-touch informed consent was 

btained from each enrolled participant; consent from legally au- 

horized representatives was not permitted. 

tudy participants 

Participants had to be 18 years of age or older with 

 laboratory-confirmed SARS-CoV-2 infection by reverse 

ranscriptase-polymerase chain reaction or another molecular 

est or by antigen test with emergency use authorization or full 

pproval collected within the past 6 days. These results were 

onfirmed with potential participants during the screening visit 

typically remotely). Additionally, participants must have expe- 

ienced at least one acute respiratory infection symptom within 
224 
 days before randomization. Participants were excluded if hos- 

italized at time of enrollment. A full list of eligibility criteria, 

ncluding medications, checked for drug-drug interactions, and 

nrollment procedures, are described in the Supplement and are 

ummarized in the published protocol [30] . 

andomization and blinding 

We used a central electronic randomization system to allocate 

articipants equally among enrolling study arms with stratification 

y enrolling site and age ( ≥65 years or < 65 years), given that risk

or morbidity and mortality, and potential treatment response, is 

nfluenced by age. Study participants, treating clinicians, study per- 

onnel, and outcome assessors were blinded to allocation. Only the 

entral study pharmacy and one member of the biostatistical team 

ho prepared closed data and safety monitoring board (DSMB) re- 

orts were unblinded. 

nterventions and treatments 

Participants assigned to the LPV/r arm received 40 0 mg/10 0 mg 

wice daily for 28 doses (14 days total). Participants assigned to the 

lb group received a generic oral Plb matching the LPV/r regimen. 

The study drug was prepared by a central pharmacy (Belmar 

harmacy, Golden, Colorado) to provide the randomized treatment 

abeled by study day. Packaging of both LPV/r and Plb was de- 

igned to blind participants to their treatment assignment; the 

tudy drug was shipped to participants using overnight delivery. 

tudy procedures 

To minimize contact with study personnel and enhance reach of 

ecruitment, TREAT NOW employed a remote approach to assessing 

ligibility, obtaining informed consent, and collecting daily infor- 

ation via surveys on participant symptoms, adverse events (AEs), 

nd location/status. We initially recruited participants from local 

ealth systems at five enrolling sites and then expanded to na- 

ional recruitment using social media advertising. Once consented 

o and randomized, participants were sent surveys to collect med- 

cation adherence, symptoms, activities, and healthcare utilization 

aily for the first 16 days, then a final survey 28 days after ran- 

omization. “Baseline” refers to the day of randomization, and 

Study Day 1” refers to the day with confirmed receipt of the study 

rug. Surveys could be completed via mobile device, computer, or 

ver the phone with study personnel. Non-response for two con- 

ecutive days or events indicating potential AEs or hospitalization 

riggered telephone follow-up from research staff. 

utcomes 

The primary outcome was a modification of the World Health 

rganization clinical status scale [31] measured longitudinally 

hrough day 15 of the study. To reflect the mild to moderate sever- 

ty of disease in the outpatient setting, the modifications were 

o include three non-hospitalized states (no symptoms, symp- 

oms without activity limitations, symptoms with activity limi- 

ations), three hospitalized states based on supplemental oxygen 

se (no supplemental oxygen, on supplemental oxygen, on me- 

hanical ventilation or extracorporeal membrane oxygenation), or 

eath. Using the serially collected clinical status through day 15 

f the study allows the changes over treatment to be included 

n the analysis of the primary outcome, rather than using a non- 

ongitudinal summary which would obscure the trends over time. 

dditional details can be found in Kaizer et al . [30] and the Sup-

lement. 
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Table 1 

Baseline characteristics of the overall cohort. 

Characteristic 

Lopinavir/ritonavir Placebo 

(N = 220) (N = 226) 

Age (years), mean (SD) 39.9 (12.2) 41.7 (12.2) 

Female sex, n (%) 129 (58.6%) 132 (58.4%) 

Race/ethnicity, n (%) a 

Non-Hispanic White 170 (77.3%) 184 (81.4%) 

Non-Hispanic Black 19 (8.6%) 16 (7.1%) 

Non-Hispanic other 8 (3.6%) 10 (4.4%) 

Hispanic 20 (9.1%) 13 (5.8%) 

Missing 3 (1.4%) 3 (1.3%) 

Body mass index (kg/m 

2 ), mean (SD) 29.3 (7.8) 27.9 (6.8) 

Number of comorbidities, n (%) b 

0 46 (20.9%) 53 (23.5%) 

1 86 (39.1%) 85 (37.6%) 

≥2 88 (40.0%) 88 (38.9%) 

Number of baseline symptoms, n (%) c 

1 13 (5.9%) 9 (4.0%) 

2 25 (11.4%) 25 (11.1%) 

3 48 (21.8%) 42 (18.6%) 

4 45 (20.5%) 54 (23.9%) 

5 32 (14.5%) 26 (11.5%) 

≥6 57 (25.9%) 70 (31.0%) 

Symptom duration (days), mean (SD) 4.3 (1.3) 4.2 (1.3) 

Vaccination status, n (%) d 

Fully vaccinated 45 (20.5%) 48 (21.2%) 

Partially vaccinated 17 (7.7%) 21 (9.3%) 

Not vaccinated 109 (49.5%) 109 (48.2%) 

Unknown 49 (22.3%) 48 (21.2%) 

a Race/ethnicity as reported by participant. 
b Comorbidities include class 1-3 obesity, hypertension, coronary artery disease, 

asthma, chronic obstructive pulmonary disease, diabetes, chronic kidney disease, 

liver disease, immunosuppressive condition, rheumatologic/autoimmune condition, 

neurological condition, or blood disorder. 
c Baseline symptoms include weakness/fatigue, cough, body aches, fever, short- 

ness of breath, diarrhea, chest pain, nausea, and abdominal pain. 
d Full vs partial vaccination status based on approved number of doses, not vac- 

cinated represents participants enrolled before approved vaccines or reporting not 

being vaccinated, unknown represents period in trial between vaccine approval and 

when data was collected on vaccine status. 
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Secondary outcomes include the modified ordinal outcome on 

ays 8 and 29, the proportion of patients hospitalized, time to 

ospitalization, time to symptom resolution, all-cause mortality, 

xygen-free days, fever-free days, ventilator-free days, vasopressor- 

ree days, intensive care unit-free days, and hospital-free days. Un- 

ess otherwise noted, all secondary outcomes are through the final 

articipant survey on day 29. 

Safety outcomes included all potential associated AEs, as well 

s seizure, atrial or ventricular arrhythmia, cardiac arrest, receipt of 

enal replacement therapy, severe dermatologic reaction, and oth- 

rs that are described in the protocol (Supplement). 

tatistical analysis 

The sample size was based on a frequentist proportional odds 

odel with 90% power to detect an odds ratio (OR) of 1.75, as- 

uming a 5% type I error rate. To account for an expected 10% 

oss to follow-up rate, 300 participants were needed per arm. The 

ower calculation was based on limited preliminary data, given the 

merging pandemic in May 2020. We prespecified interim moni- 

oring rules for approximately 25%, 50%, and 75% of total enroll- 

ent based on the posterior probability of efficacy > 95% or the 

osterior probability of inefficacy being > 90%, with futility moni- 

oring based on the predictive probability of success is less than 

0%. Additional details on the power analysis and interim monitor- 

ng approach were previously described [30] . 

The primary analysis used a Bayesian longitudinal proportional 

dds model with a random intercept for each participant. We eval- 

ated the proportional odds assumption with graphical methods, 

ith the plan to use a partial- or non-proportional odds model if 

ssumptions were clearly violated. To account for non-linear effects 

f treatment over the course of treatment, all analyses included 

 restricted cubic spline with four knots and a treatment-by-time 

nteraction. The prior for the intercept assumed a Dirichlet distri- 

ution, and the priors for all other coefficients assumed a normal 

istribution with a mean of 0 and SD of 10. For adjusted models, 

respecified covariates were race/ethnicity, age, sex, symptom du- 

ation (in days), presence of any predefined comorbidities, receipt 

f monoclonal antibody treatment, vaccination status, and time pe- 

iod of the trial broken into 3-month quarters. With respect to 

issing data, the chosen Bayesian methods do not require impu- 

ation for missing time points, assuming a missing at-random as- 

umption conditional on the baseline covariates and previous time 

oints. ORs greater than one indicate a benefit for LPV/r. 

Subgroup analyses of the primary outcome included age, sex, 

ace/ethnicity, body mass index, baseline renal function, hyperten- 

ion, diabetes mellitus, cardiovascular disease, and duration of res- 

iratory symptoms before randomization. For each subgroup, the 

nadjusted model was fit, with the addition of the subgroup vari- 

ble without and with interaction with treatment. To facilitate a 

ore parsimonious approach to determining if an interaction ef- 

ect may be present, Bayesian stacking was then used to compare 

he two models. If the model with an interaction had a poste- 

ior weight of 80% or greater from the stacking procedure, mod- 

ls would then be fit within the respective subgroups. Exploratory 

nalyses evaluated the severity of each symptom included in the 

rimary outcome using the same unadjusted model. Secondary 

nd safety outcomes are presented descriptively. 

The main analysis used a modified intention-to-treat principle, 

here every participant with receipt of the study drug delivered 

rom the central pharmacy is included. We used R software, ver- 

ion 4.1.0 (Vienna, Austria), for the analyses. For all Bayesian analy- 

es, four chains were used with 60 0 0 iterations each. Convergence 

f the Markov chain Monte Carlo simulations was evaluated via 

race plots and model diagnostics provided within the rmsb pack- 
225 
ge [ 30 , 32 ]. Additional details of the statistical analysis plan can be

ound in the Supplement. 

ole of the funding source 

The funding organizations had no direct involvement in the de- 

isions related to the trial, the analysis, or the drafting or revision 

f the manuscript. 

esults 

tudy enrollment and participant characteristics 

From June 2020 to December 2021, investigators at five United 

tates sites enrolled 446 participants from 39 states in the United 

tates ( Figure 1 ). The primary analysis population included 437 

atients who received LPV/r (n = 216) or Plb (n = 221). Base- 

ine characteristics were similar between the two treatment groups 

 Table 1 ; Appendix Table 1 ). The mean age was 41 (SD = 12)

ears, and 78% had at least one comorbid condition associated 

ith risk for severe disease. The average symptom duration be- 

ore randomization was 4.3 (SD = 1.3) days, with 78% of partici- 

ants having symptoms for five or fewer days. Over 90% of partici- 

ants received their randomized treatment the next day after ran- 

omization, resulting in an average length of 5.4 (SD = 1.4) days 

rom symptom onset to medication receipt (Appendix Figure 1 ). 

he most commonly reported symptoms at baseline were weak- 

ess/fatigue (88%), cough (87%), and body aches (79%). The DSMB 

ecommended the trial terminate for futility in December 2021, af- 
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Figure 1. CONSORT diagram. 

LPV/r, lopinavir/ritonavir. 
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er 415 participants had data for the primary outcome when the 

robability of observing efficacy at the planned maximum sample 

ize was less than 10%. 

fficacy outcomes 

In the primary analysis population, we observed no evidence 

f a treatment effect over the first 15 study days ( Figure 2 ). The

nadjusted odds of LPV/r resulting in a better ordinal category 

han Plb was 0.97 (95% credible interval [CrI]: 0.67 to 1.40; Pr[OR 

 1] = 0.44) over the first 15 days after randomization. Similar re- 

ults were observed after adjusting for other covariates. 

Secondary outcomes are presented in Table 2 and Appendix 

able 2 . There were 3.2% (n = 7) of LPV/r and 2.7% (n = 6) of Plb

articipants hospitalized within 29 days, with one death reported 

n the LPV/r arm. The number of fever-free days was similar be- 

ween groups. Given the limited number of hospitalizations, num- 

ers of oxygen-, intensive care unit-, and hospital-free days were 

imilar between groups, with most participants having all 17 days 

ndicated as free of these outcomes. 
226
Exploratory analyses based on the Bayesian longitudinal propor- 

ional odds model for the outcome of the severity of each of the 10 

easured symptoms are presented in the online-only Supplement 

Appendix Table 3 ; Appendix Figures 2 -11). Compared to Plb, LPV/r 

ad worse odds for more severe diarrhea (OR 0.58, 95% CrI: 0.41, 

.82), with no other symptoms presenting significant differences. 

afety outcomes 

Solicited AEs are presented in Table 3 . Rates were similar be- 

ween LPV/r and Plb. Five (2.3%) LPV/r participants reported a se- 

ere rash vs no such reports among Plb participants. The one ob- 

erved death in the LPV/r group due to COVID-19 pneumonia was 

djudicated as being unrelated to the study treatment. 

ubgroup analyses 

Ultimately, no important subgroup differences were detected. 

aseline renal function, as measured by chronic kidney disease and 

ialysis status, was not completed, given only two participants re- 

orted chronic kidney disease. Based on the approach to subgroup 
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Figure 2. COVID-19 ordinal outcome by study arm and study day. 

The unadjusted OR that LPV/r results in a better ordinal category than Plb over the first 15 days after randomization was 0.97 (95% credible interval: 0.67 to 1.40; Pr[OR 

> 1] = 0.44), representing no significant improvement over the course of 15 days. 

Hosp, hospitalization; LPV/r, lopinavir/ritonavir; Mech Vent, mechanical ventilation; OR, odds ratio; Plb, placebo; Supp Oxy, supplemental oxygen; Symp, symptoms. 

Table 2 

Secondary outcomes a . 

Outcome 

Lopinavir/ritonavir 

N = 220 

Placebo 

N = 226 

Worst ordinal score over first 15 days 

1: Death 0 (0.0%) 0 (0.0%) 

2: Hospitalized on mechanical ventilation/extracorporeal 

membrane oxygenation 

1 (0.5%) 0 (0.0%) 

3: Hospitalized on supplemental oxygen 5 (2.3%) 4 (1.8%) 

4: Hospitalized not on supplemental oxygen 1 (0.5%) 2 (0.9%) 

5: Not hospitalized with symptoms & limitations 187 (86.6%) 191 (86.4%) 

6: Not hospitalized with symptoms, no limitations 10 (4.6%) 14 (6.3%) 

7: Not hospitalized without symptoms nor limitations 12 (5.6%) 10 (4.5%) 

Missing 4 5 

All-cause mortality through day 29, n (%) 1 (0.5%) 0 (0.0%) 

Hospitalized through day 29, n (%) 7 (3.2%) 6 (2.7%) 

Time to hospitalization (days), median (Q1, Q3) 6.0 (4.0, 8.0) 7.0 (5.2, 11.0) 

Time to symptom resolution (days), median (Q1, Q3) 11.0 (8.0, 29.0) 11.0 (7.0, 29.0) 

Missing 12 5 

a Appendix Table 1 and the Supplementary Materials present additional secondary outcomes 
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dentification with Bayesian stacking, potential differential treat- 

ent effects were identified for race/ethnicity, diabetes mellitus, 

nd duration of symptoms. Post hoc analyses also identified poten- 

ial differences in treatment effects by vaccination status and pres- 

nce of comorbidities. Appendix Table 4 presents the estimated 

robability from Bayesian stacking of the model with an interac- 

ion between treatment and the subgroup variable being higher 

han the model without the interaction. The estimated OR and 95% 

rIs within subgroups are presented in Appendix Table 5, where all 

rIs included OR of one, suggesting no observable benefit of treat- 

ent within any subgroup. 
227 
iscussion 

Early treatment of non-hospitalized patients with LPV/r within 

 days of COVID-19 symptom onset did not improve symptom res- 

lution and hospitalization in non-hospitalized participants with 

OVID-19 when compared to Plb. There was no evidence that spec- 

fied subgroups may benefit from the intervention. Secondary and 

afety outcomes were similar between groups, with a low over- 

ll hospitalization rate of 2.9%. Through the novel, decentralized 

REAT NOW platform trial, we successfully enrolled patients across 

he United States using just five enrolling sites, with robust inter- 
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Table 3 

Adverse events. 

Symptom 

Lopinavir/ritonavir 

(n = 220) 

Placebo 

(n = 226) 

Serious AEs 2 (0.9%) 1 (0.4%) 

Protocol-specified AEs 

Seizures 0 (0.0%) 0 (0.0%) 

Heart palpitations 12 (5.5%) 15 (6.6%) 

Pancreatitis 0 (0.0%) 0 (0.0%) 

New kidney problems 0 (0.0%) 1 (0.4%) 

Hypoglycemia 3 (1.4%) 2 (0.9%) 

Severe skin reaction 5 (2.3%) 0 (0.0%) 

Anemia/liver problem/low platelet 3 (1.4%) 3 (1.3%) 

Respiratory failure 1 (0.5%) 0 (0.0%) 

AE, adverse event. 
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ention delivery and longitudinal data collection using a remote 

pproach. 

There are important elements that make TREAT NOW distinct 

rom other LPV/r COVID-19 clinical trials. First, we focused on 

on-hospitalized patients rather than those admitted to the hos- 

ital for COVID-19 who may be more severely ill and later in the 

ourse of illness [26–28] . Second, when comparing to the out- 

atient TOGETHER trial, which enrolled non-hospitalized patients 

ith COVID-19 and included LPV/r, we enrolled patients earlier in 

he course of the disease (78% vs 16% enrolled within 5 days of 

ymptom onset) and included a longer treatment duration (14 vs 

0 days) [29] . However, despite early interest in this agent, given 

ts putative mechanism as an inhibitor of the 3-CL protease, we 

ound no evidence to support the use of LPV/r for the treatment of 

OVID-19 in the outpatient setting. 

TREAT NOW included other innovations worth noting. The use 

f daily, longitudinal data collection with Bayesian modeling for 

he primary outcome analysis facilitated the estimation of missing 

esponses and the ability to use an ordinal scale reflecting a range 

f participant outcomes over time. Given the desire to reduce 

ontact of study personnel and expand the reach of trial recruit- 

ng of non-hospitalized COVID-19 individuals, our study leveraged 

he ability to remotely enroll and manage participants through 

he fully decentralized approach. This allowed greater flexibility 

or participants across the United States since each TREAT NOW 

ite could serve as an enrolling center for non-local participants. 

dditionally, the use of a central pharmacy with overnight ship- 

ing of allocated treatment doses removed the requirement for 

articipants to attend a study site to obtain the investigational 

rug. Finally, we implemented automated daily surveys to track 

ymptom resolution, safety, and disease progression, which re- 

uced patient-coordinator contact unless necessary for follow-up 

i.e., non-response notification, AE trigger). We constructed the sur- 

eys to be brief and mobile-friendly to encourage daily participa- 

ion, which adds validity and power to the outcome assessment. 

ccordingly, over 83% of potential daily data collection was com- 

leted with this approach (Appendix Figure 4). The decentralized 

ature allowed for targeted advertising via social media to further 

ncrease enrollment and representation across a wide range of ge- 

graphic and socioeconomic groups. The TREAT NOW platform also 

erved as a model for the ongoing ACTIV-6: COVID-19 Study of Re- 

urposed Medications platform trial (NCT04885530). 

There are limitations to consider with TREAT NOW. The use of 

he modified COVID-19 outcomes scale was selected early in the 

andemic; as the pandemic continues to evolve, there is growing 

ecognition that the World Health Organization COVID-19 clinical 

tatus scale may be suboptimal for outpatient studies. Participants 

elf-reported symptoms via a daily survey, but this could have led 

o heterogeneity in how severity was considered for each reported 

ymptom. The remote nature of the trial also means that events 
228 
uch as hospitalizations are unlikely to be directly observed and 

ay be undercounted if not reported by participants. While there 

as some missingness with daily surveys, over 83% of daily sur- 

eys were successfully completed, and the use of the Bayesian lon- 

itudinal proportional odds regression model facilitated the use of 

ll available information to minimize the influence of missingness 

n outcomes. Given that the final participants enrolled in Decem- 

er 2021, it is unlikely that many were infected with the Omi- 

ron variant. Finally, it may be that the concentrations of LPV/r 

roduced by the dose used in the trial were not high enough to 

chieve virus neutralization [33–35] . 

In this innovative, decentralized trial, early administration of 

PV/r for non-hospitalized individuals with symptomatic COVID-19 

as not shown to improve clinical outcomes, including symptom 

esolution or disease severity. 
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